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The attenuated total reflection fourier transform infrared spectroscopy (ATR-
FTIR) allows a detailed analysis of surface attached molecules, including their
secondary structure, reaction mechanism, orientation and interaction with
small molecules or proteins [1]. The aim of our study is the development of
a universal immobilization technique on germanium for proteins with different
tags or residues (e. g.: his-tag, strep-tag, cysteine, amine, etc.). The first step
was the organic synthesis of triethoxysilanes with modified functional head
groups (e. g.: maleimido, keton, succinimidyl-ester). The attachment of the
triethoxysilanes on germanium was monitored by ATR-FTIR and X-ray-
photoelectron-spectroscopy [2]. By a reaction of the succinimidyl-ester with
amino-nitrilotriacetic acid a carboxylic terminated surface, which coordinates
divalent cations like Ni2þ, was created. As an example, the small GTPase Ras
was attached to the carboxylated surface via his-tag [3]. The cellular function
of active Ras as molecular switch was shown by a berylliumfluoride titration
assay, which allows the on and off switching of Ras at atomic resolution by
means of difference-spectroscopy [3]. The treatment with imidazole removes
over 80 % of the attached proteins and allows a repeated binding of Ras [3].
Furthermore, the activity of immobilized Photosystem I (PSI) was proven by
light-induced difference spectroscopy [3]. In comparison with recent tech-
niques, the attachment and analysis of transmembrane proteins becomes
accessible, because measurements in detergent are now possible. Further
advantages are the reusability of the surface, a better signal to noise ratio
and the covalent functionalization of germanium, which leads to a more stable
attachment.
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Mesoporous silica particles are used for immobilization of enzymes in order to
increase enzyme stability, facilitate product purification and reuse of enzyme.
An important question is how the size of the enzyme affects the rate of immo-
bilization and also whether the immobilization rate depends on silica particle
concentration.
Here, we examine the immobilization of three enzymes with different size. The
enzymes used are Lipase, Bovine serum albumin (BSA), Glucose oxidase (Gox)
and the diameter of them, respectively, are 4nm, 7nm, and 9nm; while the diam-
eter of the silica particle
pores is 9nm. In this
research fluorescence spec-
troscopy is used as a direct
monitoring technique. The
immobilization is followed
by recording the fluores-
cence from epicocconone,
a dye binding to the enzyme.
The results show that there
is a relation between thesize of enzyme and the immobilization rate, the larger the enzyme the slower
the rate of immobilization. Also the investigation shows that by increasing mes-
oporous silica concentration the immobilization rate increases. Further, real-
time data on immobilization rate and the enzyme and particle concentration
dependence can be used to test models for the immobilization process.
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Lipid bilayer membranes are among the most ubiquitous structures in the living
world, with intricate structural features and a multitude of biological functions.
It is attractive to recreate these structures in the laboratory, as this allows
mimicking and studying the properties of biomembranes and their constituents,
and to specifically exploit the intrinsic two-dimensional fluidity. Even though
diverse strategies for membrane fabrication have been reported, the develop-
ment of related applications and technologies has been hindered by the unavail-
ability of both versatile and simple
methods. Here we report a rapid prototyp-
ing technology for two-dimensional fluidic
devices, based on in-situ generated circuits
of phospholipid films. In this ‘‘lab on a
molecularly thin membrane’’, various
chemical and physical operations, such as
writing, erasing, functionalization, and
molecular transport, can be applied to
user-defined regions of a membrane circuit.
This concept is an enabling technology for
research on molecular membranes and their
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Biomimetic platforms based on supported lipid bilayers (SLB) on gold are
becoming prominent due to their wide applications in biosensor developing
and redox biology studies. A recent innovation was the use of multicomponent
lipid bilayers with phase coexistence (Marqueˆs et al. 2013). Here, the formation
of ternary (DOPC/DPPC/Cholesterol 2:2:1) SLBs exhibiting lipid rafts in
modified gold will be described. Surface modifications are required to confer
hydrophilicity to gold facilitating the formation of a planar and uniform bilayer.
Two surface modifications, 11-mercaptoundecanoic acid (MUA) which gener-
ates a long and compact self-assembled monolayer (SAM) and L-cysteine
(Cys) which forms a short and non-compact SAM, were used. Similar kinetics
was observed for lipid vesicle adsorption on both SAM by surface plasmon
resonance and quartz crystal microbalance. On both modified electrodes a
continuous lipid bilayer with topographical details assigned to lipid rafts was
imaged by atomic force microscopy. Moreover the thickness estimated by
ellipsometry lies in the range expected for a bilayer.
Since the compact MUA monolayers hinder the electronic exchange between
electroactive molecules and the gold electrode, Cysteine emerges as a suitable
solution to develop lipid-based interfaces to study electrochemical phenomena.
Cys-modified electrodes with raft-containing SLB were employed to study
membrane-interactions of a redox active biomolecule, epinephrine. Cyclic vol-
tammetric results revealed an influence of lipid composition on the membrane-
adsorbed epinephrine. Interestingly, fluorescence spectroscopy revealed a
rather weak interaction between epinephrine and lipid bilayers in suspension,
highlighting the applicability of the platform cys-SLB to investigate and detect
membrane-associated processes with high sensitivity.
Marqueˆs, JT, de Almeida, RFM, Viana, AS, 2013, Electrochim. Acta (in press).
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We introduce a new method for monitoring and quantitating the transport of
materials across a model cell membrane. As a proof of concept, we investigate
how a small cell-penetrating peptide called Pep-1 is able to carry a large object,
